Introduction
============

Middle ear cholesteatoma is defined pathologically as the abnormal existence of keratinized squamous epithelium in the middle ear cavity, leading to bone destruction of middle ear structures and their surroundings, and is characterized by unusual hyperkeratosis and hyperproliferation. Epithelial homeostasis in normal skin is maintained by a delicate balance between proliferation and terminal differentiation rate.[@B1] On the other hand, it has been proposed that the development of human cholesteatoma is due to altered control of cellular proliferation, which tilts the balance toward the aggressive, invasive growth of squamous epithelium into middle ear. Histopathologically, basal cell hyperplasia, appearance of suprabasal cells with new proliferation capacity are observed in cholesteatoma, resulting in disruption of epidermal homeostasis between proliferation and terminal differentiation rate.[@B2]-[@B4]

Involucrin is precursor of human cornified envelope and can be a marker for the intermediate stage of squamous differentiation.[@B5],[@B6] Filaggrin is a major component of keratohyalin, and is concerned with differentiating of granular and corneal layer.[@B7],[@B8] Cytokeratins (CK) are known to be insoluble proteins that form the intermediate filaments of mammalian cells, and have been introduced as markers of cellular proliferation.[@B9],[@B10]

The aim of this immunohistochemical study is to determine whether the hyperproliferative and hyperkeratotic characters of cholesteatoma are associated with differentiation of keratinocytes in cholesteatoma in comparison to retroauricular skin (RAS), by examining the localization of marker proteins, such as involucrin, filaggrin, and CKs, which is typically expressed in different steps of squamous epithelial differentiation.

Materials and Methods
=====================

We obtained cholesteatoma tissue from 30 subjects during surgery as study group, and normal RAS tissue from 10 subjects as control group.

Immunohistochemical staining
----------------------------

Immunohistochemical staining was performed to evaluate the expression of involucrin, filaggrin, CK 4, CK 10 and CK 16. The tissues were fixed in 10% buffered neutral formalin solution and embedded in paraffin. For immunohistochemical staining, 4 µm-paraffin embedded tissue sections were prepared on Leica Plus slide (Leica Biosystems Richmond, Inc., Richmond, IL, USA). The tissue sections were deparaffinized 3 times in dewax solution (Leica Biosystems Newcastle Ltd., Newcastle, UK) for 1 minute at 72℃, and then treated 4 times in 100% ethyl alcohol 1 minute respectively, prior to rehydration with distilled water. Antigen retrieval was performed by heating the slides for 15 minute in Epitope Retrieval Solution 1, 2 (Leica Biosystems Newcastle Ltd., Newcastle, UK) and by cooling for 12 minutes. The slides were then treated with 3% H~2~O~2~ in Bond Polymer Refine Kit (Leica Biosystems Newcastle Ltd., Newcastle, UK) 10 minutes quench endogenous peroxidase activity and washed 3 times in Bond Wash Solution (Leica Biosystems Newcastle Ltd., Newcastle, UK) for 1 minute. After that, sections were incubated for 15 minutes with 1 : 100 dilution of monoclonal antibody to CK 4 (Leica Biosystems Newcastle Ltd., Newcastle, UK), CK 10 (Leica Biosystems Newcastle Ltd., Newcastle, UK), Filaggrin (Leica Biosystems Newcastle Ltd., Newcastle, UK), 1 : 50 dilution of monoclonal antibody to CK 16 (Leica Biosystems Newcastle Ltd., Newcastle, UK) and 1 : 200 dilution of monoclonal antibody to Involucrin (Leica Biosystems Newcastle Ltd., Newcastle, UK). After washing the sections 3 times with Bond Wash Solution for 1 minute, we incubated the sections for 8 minute with the Post Primary in Bond Polymer Refine Kit. After wash with Bond Wash solution and for an additional 8 minutes with Polymer in Bond Polymer Refine Kit. After washing with Bond Wash Solution, 3,3\'-diaminobenzidine tetrahydrochloride (DAB) in Bond Polymer Refine Kit for 10 minutes was used to visualize the peroxidase activity and hematoxylin was used to counterstain. All operate with Bond-maX auto immuno stainer (Leica Biosystems Melbourne Pty Ltd., VIC, Australia). The sections were mounted with Canada balsam.

Quantitative analysis of expression of involucrin, filaggrin and CKs
--------------------------------------------------------------------

All specimens were independently analyzed by two independent observers who were blinded to the specimen information. Both the basal, suprabasal (upper spinous, lower spinous and granular) and corneal layers of the epitheliums of normal RAS and cholesteatoma were analyzed for positive staining. The positive-staining rates were determined in the areas where the full thickness of the epidermis could be clearly seen, and we designated cells that stained brown in the cytoplasm as positive. The results for the specimen training were graded as negative (-), weakly positive (+) if the percentage of positive cells was under 10%, moderately positive (++) if 10-70%, and strongly positive (+++) if over 70%. After the identification of well-stained areas under a light microscope at 100-fold magnification, we calculated the average percentage of three different spots at 400-fold magnification.

Statistical analysis
--------------------

Pearson\'s χ^2^ test was applied for the statistical analysis using SPSS ver. 17.0 (SPSS Software, SPSS Inc., Chicago, IL, USA) program, and a *p*-value \<0.05 was defined as a statistically significant difference.

Results
=======

The expression of involucrin and filagglin
------------------------------------------

Involucrin was expressed in upper spinous, granular and corneal layers of RAS and cholesteatoma. In upper spinous layer, involucrin expression was moderately positive in most of RAS but strongly positive in all cholesteatomas (*p*=0.000). In granular layer, involucrin expression is strong in all RAS and cholesteatoma. In corneal layer, cholesteatoma showed moderately or strongly positive expression of involucrin, compared with negative expression in most of RAS (*p*=0.000)([Table 1](#T1){ref-type="table"})([Fig. 1](#F1){ref-type="fig"}).

Filaggrin was expressed in granular and corneal layers of RAS and choelsteatoma. In granular layer, filaggrin expression was negative or weakly positive in most of RAS, but weakly or moderately positive in cholesteatoma (*p*=0.001). In corneal layer, filagglin expression was strongly positive in most of cholesteatoma but not in RAS (*p*=0.001)([Table 1](#T1){ref-type="table"})([Fig. 1](#F1){ref-type="fig"}).

The expression of CKs
---------------------

CK 4 was expressed in basal layer of RAS with but not in cholesteatoma (*p*=0.000). In suprabasal layer, there was no difference between RAS and cholesteatoma (*p*=0.542). Both RAS and cholesteatoma were not positive to CK 4 in corneal layer ([Table 2](#T2){ref-type="table"})([Fig. 2](#F2){ref-type="fig"}). CK 16 was expressed in only basal layer of RAS. Half of cholesteatoma showed moderately or strongly positive expression at suprabasal layer (*p*=0.006)([Table 2](#T2){ref-type="table"})([Fig. 2](#F2){ref-type="fig"}).

CK 10 was homogenously strong-positive in all suprabasal and corneal layers of RAS. While cholesteatoma showed negative expression in lower spinous layer (*p*=0.000), moderately to strongly positive in upper spinous layer (*p*=0.078), and strongly positive in granular layer. In corneal layer, CK 10 expression was weaker in most of the cholesteatoma than RAS (*p*=0.015) ([Table 3](#T3){ref-type="table"})([Fig. 2](#F2){ref-type="fig"}).

Discussion
==========

Middle ear cholesteatoma is defined pathologically as the abnormal existence of keratinized squamous epithelium in the middle ear. As soon as the epithelium begins to hyperkeratinize, the destructive behavior is triggered. Regardless of their underlying many pathogenesis, all cholesteatomas share similar pathology and properties. Their common clinical hallmarks are invasion, migration, hyperproliferation, altered differentiation, aggressiveness and recidivism.[@B11] And modern technologies using immuohistochiemistry, *in situ* hybridization, polymerase chain reaction, microarrays et al were applied to improve understating of the biologic properties of cholesteatoma.[@B11] Unlike normal skin, which has the karatinocytes proliferation capacity only in the basal cell layer of the epidermis, many studies for proliferative activity of cholesteatoma reported basal cell hyperplasia and appearance of suprabasal cells with new proliferation capacity. Normal keratinocytes that have lost the ability to divide move toward the suprabasal cell layers and terminally differentiated keratinocytes are anucleate and contain abundant cross-linked keratin filaments forming a cornified protein envelop. Epidermal homeostasis is maintained by a delicate balance between proliferation and terminal differentiation rate.[@B1] In cholesteatoma, Ki-67, a marker of cell proliferation, positive cells have been significantly observed in the suprabasal layer[@B12] and proliferating cell nuclear antigen positive cells have been detected in the suprabasal and parabasal layer as well as in the basal layer of cholesteatoam epithelium.[@B13] Epidermal growth factor receptor also highly expressed in basal and suprabasal keratinocytes in cholesteatoma.[@B14]

CKs used in this study are intermediated filaments proteins that are exclusively present in epithelial cells. The expression of different types of CKs (numbered 1-20) varies with the type of epithelium and the stage of differentiation.[@B9] According to the study of Kakoi, et al.,[@B15] the expression of CKs 6, 16, and 19 in cholesteatoma epithelium showed hyperproliferative pattern. Patterns of the terminal differentiation of CKs 1, 5, 10 and 14 in cholesteatoma were basically the same as those in skin.

According to Kim, et al.,[@B16] CK expression correspond well with the state of keratinocyte proliferation, migration and differentiation. The result of their study using an animal model supports the concept that the normal keratinizing epithelium of the tympanic membrane undergoes certain changes as it forms a cholesteatoma in the external canal and middle ear. An increased expression of CK 5/6 and CK 13/16 is found in the suprabasal epithelial layer of the external auditory canal can be an evidence that cholesteatoma shows increased keratinocyte proliferation.

CKs used in this study were CK 4, 10 and 16. CK 4 stains basal layers of normal epidermis and appears in less differentiated keratinocytes. CK 4 is marker for non-keratinizing epithelia and indicates an altered differentiation and migration of keratinocytes.[@B10] CK 10 is normally localized in the suprabasal layer of the epidermis and it\'s expression corresponded to the extent of differentiation within keratinocytes, so it can be a marker for differentiatioin.[@B10],[@B17] CK 16, a marker of proliferation, is partially expressed in basal layer of normal epidermis, but expressed in suprabasal layer in many epidermal proliferative diseases.[@B16],[@B18]

Our study showed CK 4 was expressed in basal layer of all RAS. But in cholestetoma, there was no expression in basal layer while 33.3% expression in suprabasal layer. It means altered differentiation of cholesteatoma. CK 10 was strongly and homogenously expressed in all suprabasal and corneal layers of normal RAS. On the other hand, in cholesteatoma CK expression was getting stronger from lower to upper layer. This pattern of \'shifting to surface layer\' presumed immature keratinocyte differentiation, and also presumed different velocity of differentiation, namely more faster in upper layer, compared with balanced differentiation of normal skin. Some other studies support our results,[@B19],[@B20] but Kim, et al.[@B16] reports CK 10 expression may be affected by the extent of cholesteatoma and the severity of disease.

CK 16 was occasionally expressed in only basal layer of normal skin, but strong expressed suprabasal layer in cholesteatoma. This prominent changes suggested hyperproliferative process of cholesteatoma.

Hyperkeratosis was resulted from not only the hyperproliferation of basal and suprabasal layer, but also early differentiation of suprabasal layer in process of terminal differentiation from basal layer to corneal layer. The useful marker of this terminal differentiation was involucrin and filaggrin.

Involucrin is the major protein component of the cross-linked envelope synthesized by maturing cells of human stratified squamous epithelia with a molecular weight of 140 kD. It is precursor of human cornified envelope. It is detectable in granular and upper spinous layer in normal skin, but not in both basal and corneal layer, so serves as a marker for the intermediate stage of squamous differentiation.[@B5],[@B6],[@B21] Stammberger, et al.[@B21] reported that in cholesteatoma, involucrin was localized in the suprabasal cells, and particularly in spinous cell, and it appeared earlier than in ear canal skin. A larger amount of involucrin was present in cholesteatoma (60%) than in external ear canal skin (29%) and in normal skin (25%) in Chao\'s study.[@B22] Park, et al.[@B23] presented that involucrin was highly expressed in deep meatal skin as well as cholesteatoma than RAS, which may support the migration theory of cholesteatoma pathogenesis.

In our study, similar expression was noted at granular layer of retroauricular skin and cholesteatoma. But in upper spinous layer involucrin was strongly expressed in all cholesteatomas than normal skin. In corneal layer, cholesteatoma showed highly positive expression of involucrin, compared with negative expression in most of RAS. This results presumed that hyperdifferentiation and hyperkeratosis might be resulted from early differentiation of upper spinous layer.

Filaggrin, a histidine-rich proteins, is a component of kertohyalin that is formed in differentiating cells. During formation of cornified cells, keratohyalins are dispersed in the interfilatmentous spaces. The basic filaggrins aggregate keratin filaments into large insoluble macrofibrils, conferring flexibility to the stratum corneum. Thus filaggrin can be a marker of epidermal differentiation.[@B7],[@B8] Commonly, filaggrin was expressed in corneal layer of normal skin, whereas in cholesteatoma, it was expressed more in corneal and granular layer.[@B7],[@B21],[@B23] Our immunohistochemical study also got a similar results. Filaggrin overexpression in granular and corneal layer presumed that early differentiation may induce the typical hyperkeratosis of cholesteatoma.

Based on these results, it can be suggested that early differentiation of suprabasal layer, especially upper spinous and granular layers in cholesteatoma, may lead to hyperdifferentiation and hyperkeratosis. Different expression of CKs, compared with RAS, possibly indicates the altered differentiation and hyperproliferation of cholesteatoma.

Conclusion
==========

Overexpression of involucrin and fillagrin presumed that early differentiation of suprabasal layer, especially upper spinous and granular layers in cholesteatoma, may lead to hyperdifferentiation and hyperkeratosis. Suprabasal expression of CK 4 and 16 and pattern of shifting to surface layer in CK 10, compared with RAS, possibly indicate the altered differentiation and hyperproliferation of cholesteatoma.

![Immunohistochemical demonstration of involucrin (A, B) and filagglin (C, D)(×400). In cholesteatoma (B), involucrin shows stronger positive expression at upper spinous and corneal layers than in retroauricular skin (A). Filaggrin show much strongly positive staining at granular and corneal layers in cholesteatoma (D) than in retroauricular skin (C). Retroauricular skin (C) shows moderately positive staining to filagglin at corneal layer.](kja-16-124-g001){#F1}

![Immunohistochemical demonstration of cytokeratin 4 (A, B),10 (C, D) and 16 (E, F) in retroauricular skin and cholesteatoma, respectively (×400). Cytokeratin 4 is expressed at basal layer in retroauricular skin (A). On the other hand, cholesteatoma (B) shows moderately positive staining at suprabasal layer. Cytokeratin 10 shows homogenously strongly positive staining at all suprabasal and corneal layers in retroauricular skin (C) while cholesteatomas (D) show relatively weak staining at upper spinous layer. Cytokeratin 16 is expressed at basal layer in retroauricular skin (E) and cholesteatoma (F) shows moderately positive staining at suprabasal layer.](kja-16-124-g002){#F2}

###### 

Comparison of involucrin and filaggrin expression in retroauricular skins (n=10) and cholesteatomas (n=30)
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RAS: retroauricular skin, chole: cholesteatoma
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Comparison of cytokeratin 4&16 expression in retroauricular skins (n=10) and cholesteatomas (n=30)
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CK 4: cytokeratin 4, CK 16: cytokeratin 16, RAS: retroauricular skin, chole: cholesteatoma
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Comparison of cytokeratin 10 expression in retroauricular skins (n=10) and cholesteatomas (n=30)
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CK 10: cytokeratin 10, RAS: retroauricular skin, chole: cholesteatoma
